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Abstract 



A method of determining an indicator for the presence of an image is disclosed in which the image is 
comprised of a two dimensional array of pixels. The method finds particular use in the prevention of 
fraudulent copying of images, such as bank notes using colour laser copiers and printers. The method 
firstly imposes a grid of cells over a portion of the image. Then a representative value for each of the cells is 
determined. Next, a measure of the difference between the representative values of adjacent cells of the 
grid is determined over the whole of the grid. The first three steps are then repeated for substantially all 
possible positions of the grid of cells to determine a grid position having an overall maximum positional 
difference. Finally, the grid position and the representative value for each of said cells is used as a 
representation of the image. The representation can thus comprise a template used in an image detection 
system. 
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£. ftftfE^Uy K^KtofcoT^rrsffl^Xgcfc. 
itufB^'Jy KteT<£*KW{C±TWBlHgtt<0&£&mtC 

y h * »*-r * «> tc WBB#inxa t «if laasxe 

ISi, 

3 ^ 4: *«r* t-r aH*«ia*fe. 

mnmmo — SB tc -tr ;m&^ * ttan-r -5 ttaoxg t. . 

4:l»8a»)£xe<i:*«03B-r«t5lftH|-r*l8i3jgblMII 

xat. 

±wmzm.±<D^^,-D^^uw[mif') y Y®.w.\znv& 

isffl sft^-r -a $ 2 s^xa t . 

mmmcomm.il vt, mtttMzmzttfo^zffim>f 

IB^'J h'(£«££fiJfflTSfiJfflX8£&*rr*;i<S:£ 
[»*J£3] WaEfiJfflXSfi. WfBiGfflro^«tt£J£ 

r % m mMmis -c & o t . 

'pts.< t%2-D<nm?.m®\zm-?z>&mmn£&7Z.L. 



ft. 

05 ^M<h-r-5lf*«4gcti5{ClB«gC0Iii^Ma^ffio 

io fBfej&#roiij#£te&<rf -s^Sxat. 

^©icro^St-r-siHite^ (6>) HufBfe 
fiE^COili^SrmrfElHieft (0) JfttlEie-rsiII&Xg 
<h. 

HfJfEfififcfrroHift! i: X 7 17# y £ X HIS £ 
15 tJ:-3T«r8Beric»©iii«<Z)*HJftj««'*Hi*-r*n— 

MfBH^fZ -5 mlfBx > ^ U- h D #^ ^^B^ 

>A-hWJry hfi^ltSt-r-S^lfHixai:, 

20 &n$iiz7ir—rt7 >y-7&mz.-$te\,*w»\z&v2>nnm 
izajm^co^z^xcD^yyu—biimi^mzmv. m 

Hit. 

B5fBHi^<£^-r-5>fcs6{CHlIfB«»ffl«S^:ffl^W-r-5 
25 7 t >7 r U-h»*jB«-r«a*?XSt*#-r«C4:*» 

[tmm 8 ] HfrsB^ U y htttt. iWIESSWttriEfl-jW* 

it zntzmmmmomofafr t>m%nnz z. t 

30 -?2>m&m 7 tCfBScOiSiMlJI^ffio 

# tc to Ac 0 £*n R £SE{frr S j&» £H Jfc b fctt £ff 

tf c i^^mi-rsii*^ 7 izf&mowi&mwij&i. 
i o ] urn* u y Hfitti> i»I3*h*)5K»3&« 
35 ^£rLfz&)&ft<DwmcoT>-7u--b<Dm<D®im$:m 
tz. u m % & ts z. £ £ # ^ £ -t z » * « 7 (c t a « <d m m 

li^?r*/N*--r-5mrfB^>7 p U- H 5r*^«-t^@j* 
40 7K 5r#-r-5-fe;PTU'f IZ ft^T ZftWlxmii. 

i**snfcfej«»©ia«fc:*Jta«*ii*fat«/Ma* 

t-r 7 (cfB«cwn#^a*te. 

45 [lt*«12] flt(fEm3fff»xa«$f>(C7 i >yu- 

5sft*^##.-r^«t 5 tc VtcZ. 1 6»«tt*l»*!l 7 
50 [l§*«13] S5fBlJ^tC*3tt-5HaiBT->7 p U- 
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b«bc*i*jk:»d. mm7 L >7i'-homft(Dm 
am 7 izmmnmm&wjjmo 

mjtJR 1 6 ] mrtB0fS«[Hlteft ( 6 ) tt, 0 ' <h 9 
0° <£©P.mc&££<hS:^»£T3§i#S7{Cfe«<Z>H 

[0 0 0 1] 

U mz, IKK«©Bft©ft&ntttt»<Z)8ti£ 

[0 0 0 2] 

/to, tt* • tt/j^sssn, -^©b^©- 

[0 0 0 3] 

i5£wt>m&L&? t-rzw&m] c©£ 

*©»*B*<fcB*T#SK:+#&tt«fi5fc:* 

#c:£#g£Lv>yj?£T&3<t#Ae>*x-5. £x. era 

J:3fcj&ffi*m*T<fc0a*«K**5£B*©BI*«fT5 
[0 0 0 4] C©«fc3&afia>SA:frB#tC«r5£©*f& 

±fB©£5&g#K^;t£fc&{cte;snfc : b©T-. 



K#^©H»&a;£ffi^T©<$fcxaa>e&5. 
[0 0 0 5] IP -6, B*£ 2 50C7c«lfc7'M'»C«iS:«H;: 

T« (a) MEB«©— WK-fe^tt^Sttm-rStflni 

at, (b) «[e-fe;p#*tcHr*f^*tt**€-r5ft 

tlit, (c) ffilE*;i4&?fci5^T»tt-r*-fe;U© 

ft*ffi©fig©M*. fltrtB^u-> v-^mztir^-zm-fc-? 

10 *«JgXS<t. (d) WfB^U y Fte^fCSOlWfc^T 

i@ t MfBftjgxa t MfBil/txa t o ig-r «fc 5 M 
ffl-?Z>imr)mLMfflJ:®t. (e) IWfEBfftcaStL 
15 T. MfBtr-M/^fC^TWtfJfB^U -y KteBtffiiBft 

*tttsfijffl-r«#ijfflxat**-r*j:<t^i#*fr-5 

BtM&sarffiSHS**. 

[0 0 0 6] $6. £gij©fgi?mc £*Uf . @iSit£ 2 ^.tcW 

&7 u-r fcfc&wicpjfcsttfcBfcw^fi&wwf-raB 

20 »$&S?jJ£-ea5oT. (a) fJfBHi^©— gB(C-fe;M£T 

£tfin-f sfl-jraxat, (b) me-fc;u#-<rk:H-r*« 
M^fsn^ist, (c) mi±.)vi&=?\z 
*^tiSt'5t;K5ftii«t0i^. MfB^u -y h* 

£#fc:fofcoT«jrr*«j£XS<!:. (d) JWlE^'Jy 
25 h*t&^©*RWtC^T©BlHE14©»S^BtC*5^T^ff 
Wl:l^fflfeg»I^o*n^ fco J; 5 U >y b'teBSrife 
3e-r«fc*fc:*H3#linX8«t*H3*Sxact«H3«€X 

(e) i#WC**©2*f3J:5 ftHfi^'J 5/ K-f&B 
30 tcfcfJSLfcyj y Hl*|{r*S-fe;US-*tHUT, huIB^ 
U -y KlcJ3T5£S©HIte. ffi* • St/K ¥?t*£®k 

Wr*«:fcttStti*/jNft*«A»5£i;*ffiE-fe;i'©re 

Sifflil^^t5S2^Igt. (f) MIBH^ 
35 fflSStUt. HufB-tr^liBIC^lS-r-SHiIfB^'J -y FF*3 
{C££1rJU&*tC^Tiifr§Bf^M©fBB£frf3^U <y 

[0007] $ zizmcDmwiz&tibZ* wm<DW&.zn 
40 Wr-r*fc*©***f^j«-r*B»ffla*ji-e»-3T. 

(a) WEB«T*R«IC*-A7y:/*L&^*R© 

^©ft^^-^^^U. (b) 'M<tt)20ffll 
E(H«tcH-r*ttBtff«ftftfeU, (c) MfBiE^©« 
atUT, mrfB^5 i -^iMfBfi:B«!ffiti£fflt'>-5C 
45 <i:^!t#M<i:-r-5H^Saa7j^^{SA4. 3 6 {CSiJ©ylHJ 
tCJ:n«. B*S2*5c«fc7U-<K*&ttK«J«Sft 

^H^© 1 »©^>t'u- hw&B^-w^-r-sB^a 

yjritrcfeoT. (a) S9SBH«S^SbT. BfTfBH^© 
lfefiK^^JSfcHU, mrfBfee£^©H^<£t&^T-5)^*X 

50 at. (b) 0f^©f8c©^s<fr-5iHie^ (<?) &^tc 
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racist , (c) mzeLf&tt<Dmm£7,?^y#y 

Srit»S:i4t5P-/U7^;Wlit, (d) Wffi 

lib, mrIHiSil&^^±$nfcili^^^MHB5 I ->^ > 
U-hco^U^ hffi£ft#t-Sfglit}fttf§<b, (e) 

IfXSt, (f) BJEli«*«IB"r-6fca6^«[|E«<Z)«[ 
[0 0 0 8] 

So 

[0009] ant *mw<DRmmfcmmmm-v$>z> 
it^x^A^-r^TftSo mitznk-t&o 

\Z. ^5lfc*7-»?>'7fAlt A#IIi«*iHie5# 
«S, «x.fcf, 6 0 0 H7hA>f (dpi) T^S 

H ffl^> UPffiiBftibT— «at»6nTV>-5^ Mb. 
Hf (RGB) «»#>«f^O^Tfi»l«Ufcfll«"C«j«S 

jae^ct^TifeaEsnfciaflRs^u^Mti^-rs. m& 
fflfifiE^ (MCYK) ^yu>^4(c®ia^fc#t^$n 
So cne 4-3c^A o xcoj©gn, — j&tc, ^-c^s^n 
tz.m^\z^D^x^7 y (o , vif>^ (m) , <xp 
(y) , ?5y? (k) iz&ttM-znrz/^xxm&zn 

T^So y»J >^4^4O0D/^X<^3aStC^^Ti!if^-r 
S££, X**^2(0!Bfcfci;£j£3(EStt, -gRGB 

i$n^v7>, V-fcf>^ <XP, 7 : ?y!7<D\<*r3n 

[0 0 1 0] 132 (C^£nT^SJ;5tC, :/U>^4tt 
;/y >^a> hP-7 6 t^'J >*x.>zS>7 fT:ffif& 

ffigfe<BfiE#T»£#, i». S (RGB) £<h9, ~?V 
>^ 4 TOf&Bft/SX ten LT5fc#> 6nS«ffigfecDfe 

(c, m, y, «n k) ft^i;a-arsfeas«i»8 



S o 

[0011] :/U>^x>>?>7H MK5A±l:* 
F^llWlIgl (CPU) 18my-^r>X3> 

^s&jtp-rso 2%\z, fe^«iS8^e»XBiiHi»i i^ 

tB^Sn^H*'?— h 'J— A 2 0±{C^£B^>^- 
10 ;H4**KHS*l5o Sfc, ^tU^^a.— ;H 4f4IB3ll 
^-^X h U-A2 0£ffi«T£*<fc3{£«fiE£*lT^ 
So ftffltva^l/HIt h »J— A 2 0 

15 4<0tll*l 9 fCO^T!i^-^2::£T "7?>i?" t 
TSct^fC^^nT^So g=&, «tH^a-;H4 

ttiTz^oizwimzn, ^< (D^u^mmmmizm^ 

20 fcf>^l/- hifiSftilftt S ROM 1 5£^/uTV> 
So 7 = ->7 P lx- h ROM 1 5tt, ttUi^^JL — ;H 4 CO 

^T<^iwn»fp*tT5ttaijfflffiofc»o»«ffl^o*^ 

[hiss (asic) i 6 (tftsff^-rs, 

[0 0 12] STBOTUCfe^T *W>»<BP3 
25 2 O^cfci^*^— tf«^«<7)^*v^2«, JKI7 
2 3 2 h°^-fe;l//^-T >, 1 1 4 5 67-f >/^— J/C9 

So CODHig^-^X h'J-Att ilfit, §#2 2 5 0 
^".h°^-tr;l/co*T^sns 0 .ST, ^I3tcMoTIK0^ 
30 £3*cfrtSo 03 11 SSII2 3 £0^Lfcfc<Z)Tft 
S 0 ZL<DM?kmWL\Z* &*&Jj\%lZ%>-otz*)mfe&l!aZ. 

^nTB^nfcg^co^^/uT^So cne»n 0 
2 ic^-rfttB^i— ;n 4tc^v^T^msnsd ( h^ 

3fc»enT^5, S£oT, ftB^Ev 5 ^— ;H 4H 
35 Bi«J:TSJk5e*fcteKKftD, ■ *H fi^fCEHjiEb 

S^fC A*iii«"KX<Z)*5 9 5%~1 0 5%£>$6BT 
ffiyt^^/hSn^^K€:^HB-rSci:e»tC^ltStlT^ 
So ftHJ^i-^Utt, ROM1 5tC*&^S 

40 nrc < ^>7 p u—h" hu-At*jt» 

-rS^chtCioTiffim^^liSb, I$T-^XhU-A 

istf-snT^So 

[0013] 0 4 H 26^9X9 iCSE^J IsTffitiL 
45 $n§f>7 P k-h2 5^UT^^o ir;U2 6&^(4 

1 2 8X 1 2 8IH ^Du/^ttkiiEsnscfcajctan- 
snTv^So »ts etcuiwrs*^ -t;i/2 6#^t4, 

H#<7)^ <085» * T ft S *fJS y p y ^ <7)ia ^ 

<oe*^^i»aE^^^^T<z)««*^T^^o tttts^^ 

50 ;H4tt, pfffitt<7)ftS^T<Z)ffitt^ftjKTJ»?BS: 
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±SS^#fiEl-^)^>7 P U'-h2 8C0^TC0^-T^¥ff 

-tjizftDmrmizfeZo z.<D^mr^mmm<D^m<^ 
fz&iz, i^>cDir;i/2 6 (04) <z)S«co4#a> 

[0014] \B\^<Dt^mmiz^x^>^u- 
-y'mmz'D^-cmnzti&e ±mvft^\z. a«is 

[0015] El 6 {CteC<2j&f§£)-0iJ£^-ro H 6 tC 
tt, 5 0C7)^>7 P U- h 3 2-3 6i>mwzmftQ&? 



Sit, f>^l/-h3 2H (0, 0) . 7x-X 

0T^$tl^J:^t:&oTt^o T^b2#@(c£>£^ 

fc'frt-rnTffiBU, (0, 0) , 7x-X2T*S 

. (0, 0) , 7i-XlTSSnsi5f:ft:oTt^ 9 
10 ^>7 p U-h3 5ttx>yu-h3 3^e>T*fC*;^ 
»fc^t"TnTffi«U, ffiB (0, 0) * 7z-X3T* 

3 6Hffii (i, o) . y Ji-xo-rs^^n^^oizu 

15 [0016] Z\tl^ 4~D(D^>7\/— h 3 2 - 3 5 

©7i-X^*S, *>*>;5A,, -fe;U3fc0(Z>:7:c — X<0 

(75 7 jl — X\Z ~D V^T A° ^ — >^ y ^ > 4/ Srfr 5 ^ £ <fc 
[0 0 17] 6. 4° EI 

&nmzmm<D-mzttfc^&T>xu- su^tc 

30 t&*ft£tlT^£o 9 0 ° ^[EllstCHUTROM 

15 (0 2) fcttl 4iOT>XU- h^lS^nt^ 

sc^tcffia-rso (1*3 6 0° m<D\mfcn 

35 y~fV— h^S^StC^SCt^T^^OT, S?ZJ^)9 
0° ^T<^[HlfitCO^T(7)7 = '>7 p L/- h^Mt^Ci 
fc^«*Si:&5o K7tC^-T (a) - (d) Srjasfc: 
6 * , Jyt^f>^l/-h4 0 < htHiebfc7">7 p Ix 
-h4L 4 2, 4 3*«Sntl^^ :tl5l4t;i/ 

[0018] 0° - 90° £TOP^<9[Hie£^-r 1 4f@ 
45 -x>Xl/- KOffiBtt, ^(D^fffl 

h4 5<DM$:7f;VT^Z> 0 09tCt4, (El^UAcaE^Sl 

so K^fcmms l&&lh?&&o^zmtzftrc9•>7\s-- 
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ttt. f>yu-h5 2<Z)±2Ii:Tiat***3SiB«5 0 
wM>i:^5J:5l:Itfnt^5Ci"e*5. *>%S 

&o\ZTZ>Z£X\ *3EB«5 OfC*HSLfc^-f >S© 

[00 19] il OICH lU<D^>7U-b 5 4, 5 
£K8?5 6<£pI#£ttO£3[iie (0° - 9 0° ) ft^lcK 
14 (H2) [Cfe^T, f>^U"h5 4, 5 5^*« 

-r stem* «K*t?#wffiH*ei»9j-r * c t tc j; o r 

s„ 

[0 0 2 0 3 H4*#flHUT8EtttWUfcck3^, 5"> 

&znz>~z)i£<Dttmz£-DT, jtussnso t>u ± 

A<£> 1 oco*^— /1X*^IB«*ttHi-r«)<J:'3t3l&f^"r 
ntl^o ROM 1 5 fc£S5">:/U— hCQ-trJl/ft^fC 

oviT»*ian««f«tt, ia®4tyh©s (mi 

N, MAX) T'ft^o lOi^til/t, l^o y ^*U2 

8 x i 2 8 0)Afjmm<vmm£&ft$&-?z>fc®\z, xti 

(MIN, MAX) (75«!Htt. fifCO^H £P?«n 
So t©«©«lttROM15l:»JHSn, CdTI^BJ 

(max-min) a, *<Dfe<nmmifi%%ntd&&<D 



[0 0 2 1 ] ftfotZffimtZ^^TOyiZJV&tlZ^^TO) 
So 7 P U>h^ns^^TMK^^>hfzL-^^X7" 

Atc^oT^s^n, vif>^jsE»*««smsn, ins 3 

Me (0^6^9 0° ) (ciibT, n>tfa.-^^>XT- 
10 Att*©««**ffra. 

[0 0 2 2 ] 1. jftWH****^ Pi^^tHiet-Sfc56 

2. ^©jfiflSHfRtt* 1 2 8 X 1 2 SBHRilKOX^XT 

3. ttRSF±-T?<0^>^U— K^WOW^&fi&^tCO 

Kcaea*iiite ufc^ >yu— h ^it^r x<k 0 /hs ^ <t ^ 

25 WHS) " £<Z)Sn?»£o r>yi/-^x> 

oTW^^^nts^^fb-rsco^^^-r^^^o, ^ 
30 <^>:/u- h^^n^^ffl-c^s^^ft^-rs^i* 

35 C0 0 2 3] 4. /^yy-/Lf^mm±X^>^U 
- Mig^WO^^Tft^fcSSU f>yi/-h(D 

tt, «£K±T<7)^>7 P 1/- HcD2 0(E>{£g£&5gTS<£> 
(Cfflt/^tlSo 

40 5. T>7i/-h<D&wfim$i2nfcf£t>. 
So j E-^it>y;uiflatt, f>^i/- h^-tr;i/g-^(co 

ctptc, #ir;ucofim^ftT€Sct^tC7^oT^So 
[0 0 2 4] *(C, Hll-016 LT, ¥ff ^ 

So Hiitctt, H4tSl/fci»of>^-ht;i/ 
50 2 6^ntl^o H5«rffll^TmaiUfcJ:'5tC, ft 
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01 3fc^-r<£?lc, Ma^tcTWtc^ft-rscitfe 
oi*i<z)&ia*tt, -ir;i/2 6<o£±sB*tj&ss^s*au 

[0 0 2 5] $6(c, J^StJtCj£E^fci:5tC, f>yi/- 

^T^^tC, ^nfi|14^2 2 0^f>yi/- 
h<7)4 , 'il\^2 2 1(7) mote 6." 4° <Z> HI IE £: 

[oo2 6] mwz, zL<D&mte&mMm~c\*. xiim 
mmwi^ x<om9 5 %~ 1 0 5 %^^H"C(D$e^:chffi 

/Jn <h £^X U > if ©S»*Sr5S» L 6 ®jf£T * 
<fc-5iC«fiEStlTV^ B EI 1 6tC^£tl£J;5tC, ^(D 
^Ittt, ®«2 2 2^-€-©»S*|rI^5 = ->^ , Ix- 
^>2 2 l^^in^J:^}:MbT«li2 2 3 SrJgfiEf 
^fttH*T*0, I12 2 4t^$^J; 

OtC^2 2 2*«t>^U- b<Dtp*b2 2 1 (CfpJ^oT 

2 2 — 2 2 4<D|«I0'©CiiKBS2 2 5ti"fe;U2 6 <D 

0 4<D^>^1/— N 2 5ftcoi:;l^*rifI|UT, dhVtm 

mmzn. fit, ^o#^^^;wiB&^tciiLT 
[0027] ^f£&mm<D&z>itw&*\tt)is(D¥m 

iit£»UTgfc£fil£:£i;£. 01 7tC^£nT^£<£ 
3 fC* A^ia*^— 97 h'J-A2 ok^tssk:/ 



05 U — *<av— v>a*&9icfc;fc#^£j:*K ^ffi^E 

[0028] ST, Ell 8fCttH2T^bfc«UiAS I 
C 1 6C0l¥Jffl^:*j5Elc75^SnTl^ o ^HBAS I C 1 6 
tt, ^<<2AHi^>^:7:c-X£:^^ ^tUCte, y 
15 U>^^>hP-76 (0 2) ^£>CDH?StT'--3'X MJ 

-a 2 o &&m^mm'r-$\titi 1 9 sr^wa^u— tf 
K^-fAiHi&ii (02) (c««"rsfx*x— ^-r > 

^7x— X8 2te, >^X>i^>7C0->-^r>Xa 
20 >hP-7l2 (0 2) tcoffiSftjttcofca&tCKfrt^n 
T^S. ROM-T >*7x-7 8 3liftffiAS I C 1 6 
^ROM-f 7 x— X^L- y M64 ^L/Tf>y 
1/-HROM15 (02) (C&^T^fc^KigfrtbnT 

25 [0 0 2 9 ] ^TfC^TS 1 Ktt, tf^aai^-^-f 

fPRF, "p rn t" fs^te, «fbl^— ^©e^Hlifl 
To BiSt^-^x hU-A2 0tt4/i*jfigK:;j3V>T2i 

30 «sn, ^<2£^\ t^asAs i c i 6tesqse (££>*? 
a^JB^ffiTttv-ev^-ra*) «r-^xhu 

-A2 0 (CHJBLT^So #rL^fi&*te " top" ft 

^CctoT/T$n^ 0 ftifi^ttasn^^^cte. ®^ 

— ^ (v d o_o u t ) tttttliAS I C£3Ii®-T^o £ 
35 ntCWUT, ««**ttffi3ftifc£&. (vd 
o_out) ti^tHAS I C 1 6 fC c J;oT^^>^T r — 
^t&S. 2 biC, HiiS^— &9Uy2 (v c 1 k_o 
ut) fe3 6tc:^7>^t*0iii*-r— ^©tB*S:l»± 

40 [0 0 3 0 ] 
[*13 



- 7 - 



2001 04 23 18:50 
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4j ^ 


m m 


IxL ££ 


vclk_in 


A 




lsync 


A 


k* f* >*7r-X j0> £ <Z>7-f Vsync 


top 


A J] 


r t< e f?7 o m-^ 


prnt 


A ?J 




vdo_ln(7:0) 


A * 


t* f* *-f >*7x-;W> 5 60®^^—^ 


vclk_out 


£11 


7° tJ^^^Ofc'f'tfT 


vdo_out(7:0) 


to Jl 


7° T J>n»*^cD!a^^— ^ 



ST, WROM-f >^ 7x-^ 8 3 WfitO)5£iSS SfcaftiCRttSnT^Sa 
■T*2S:#BabTIHWrSo ROM-f>^7x — X8 3 20 [0 0 3 1 ] 
tti*4Ml:7KZ)ROM15 (0 2£r#S8) ^rg^T [^ 2 ] 



^2 : ROM<^7x- X 





S 9J 


* m 


ronua(18:0) 




ROM7HI/X 


rom_d(15:0) 


A *J 


ROMf-^ 


romO_oe_l 


to ti 




roml_oe_l 


to u 





:/iJ >3?n> ha — ^-r>^^x— X8 2tt, f>yi/ 

2 (H2Sr#fig) tCii»I"rsfc«)<Z)ttHi{i-^S:^TVi 
£>• ^'J>^3>hP- ^< >^7:c — X8 2tCctoT 

;n 4<D^T(DrtgpuvX^(c»jA^^fT^^X h*fr 
pfcfeKRW-Sftfc I EEESipl449. 1- 1 9 9 OxX 
h7^tX*-h (TAP) ^>^7x-X8 5m 
X^-fi^^^tlT^^o 
[0 0 3 2] Hj^-^ 2 0(itTtT"^'f>^7x 

-x 8 l rSlEazy h 8 6 icM^ns. 

77yy-y>xif?i:ROM 1 5^&n- F^tl&JVy 
^77^f-^ (LUT) *ffl^T««T*tSBS* 



xl— ;H 4tCctoTffi^6n^»JSfi^APBlOBB«CfPb 
35 <»ifc£n££££«SET£;i<hT&3 0 »/h*»pI«l 
(MDC) tt, AH<Z>IIBrt*»K (8k # 7h«S3 

T&£ 0 J^— K#«^nfc«KtC|SBLT, MDCH4T 
<0»J*ttH;:#LTmi;T*£. B19H »K®Sfiti 
40 *Mi:^Si^ty77W^o TfiMi8 8 
tt, m*H«a)jE«tt»lJi»flEH«C*«-r. ffl*S8 8fC 

45 feOffiiR9 l<0<fc3&«tcT££<hT»* o 02OtC 

Apa<diB(ctt*0o < o <t ufc^bt isTftinzn&mm 

*ffiiELfc«iig^{b<D*S«»9 3, 9 4<h, ABBS) 
50 Ktc»4*ia^:«fbtbTtt*sn*»«**liiEL/«)o< 
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[0 0 3 3] 02 1 JCH rWlEOLXy H8 6<BWMW* 

2tlt£rffiIERAM9 7ib*Wt<otl* -t^RAMtdH 
ft^ya-JH 4<DA^~ h77 ^PfltC, CPU1 
8^e»«)A*9 8lC«toT*S^P-KSn5o A^B 
SRx-^lOOte, rffiIERAM9 7^(DT Fl/7tL 
Tffi^StlSHatC^^^l 0 1 ^iTAi^tl, r«IE 

snfctH* i o 2 sr*j5E-r^fc*^Mt^nso 

[0 0 3 4] riiERAM9 7 IJ8 hf -^©^7 

ITl^o rlilER AM 9 7 COT K UXft A* 10*5* 
-^0it6 1:7hlO4^bM$tll)o — 
2t'7hH lfi<Or*tiEm*«comTrt#»l 0 2tC 

10 8H *Hi«^ 1 0 9 £^LT^£*l£^>:/ U— 

[0 0 3 5] 0 1 8 K*3V>T* lO©t;i/2 6t£*tJfcl, 
fcl*f-^fi«ttl 2 8X12 Si^OgSfeS, T7 
□ >M>K**»1 1 1 <h^^-^te*ftgf$l 1 2t 
la^TWf^n^, ^ftiWffil 1 2ti, 6 

4X6 4i*?Dyi7»WS»ttt§ 9 7->ZfU— 
hir^2 6 (04) tt, b^L^S, 12 8X128 

-Xv-^r>itl 1 3 fCctoTSP*bT>L6nSo ^b 

[0 0 3 6] 0 2 2 fete, 0 1 8t/T^n/:7P> hX 
>KS8ffiBl l l <0i¥ffl**^snT^5o ^co^n>h 

^<7)¥^(M$^«^-^t&^SBl 12 (018) \z»m 

rffiiEa.- ^ h 8 6*^A*Sn-5iH^«r6 4®^^* 

¥*ifljcifi»-rs«»sini![-r-5»i¥^ft»i 1 7$ 
^t^*. ii¥i5<ffii 1 7tt, mwmi is, 7 

[0 0 3 7 ] mi ^{b§§ inn iiigfit^Jnffgg i 
i 8 (cr^^o, ^(Dmmmtemizmnznrzmftizto 

X.<b*b ^yf-l 1 9tC*&^$n^>o ZtllZ^-oT. m 

fztemmm%i&$:f$ t £tiz >o ^— a^d-^^^t 
z>tzz$mzt)0>d? i 2 onr>^u*>h£ns (ft 

*3, *"5>^ 1 2 0tt6 4H*a5-fey h*©BBJfi-eU"fe 

V^ftSl 2 5^<Ottl**^!y?-l 1 9^£>CD4 0<7)M 
SB («±ffitfyh) ttl0>9 1 2 0a>S<7>4 hfy h 



[0 0 3 8] 6 4B*0)^li^*«>6nfc«: 

£?2^i£Ht8gl 2 5(7»:7 hl/yX^ 1 2 6^co 
¥^<BteiH<bn^o ^co 6 4B^^¥^fBte^ 

iS^SB^fri i 2 7 tcun*$ns 0 coawfrSi 12711a 
05 m^-9famw>i 12 (sis) *5««sn, v^h 
u-vx^ 1 2 8 izfamtsn&o zLn%2-D(Dm^ im 
y bmw$&i 2 9~cmw$nz>&. :nn 1 2 2 
s^b-cm* 1 3 0 sr*^-***** 1 1 2 \zmrm 

tcttan*. S§2¥^{t»i 2 sttRW^-^ftiBJBi 

10 1 2^<07^1rX£:7x— Xv'— ^>1*1 1 3 (01 

8) ic£oTS*£n£7^x<h£^>^u-:/-r 

-So fftHBBBl 3 2tttT^-fe;U*^>^l 3 3t7-f >* 
0>9 13 4£&^fr, 6 4i*OP7h^-^S:ft 
3 etdJDAT^n— Kn>?-//7|eIgSl 3 5{C 
15 cfc^T7D>hX>KS«[BI51 1 1 iCO^T^i&S&fH 
Wm^t^-r^ttfe^RSl^-^tMftfBl. 1 2\zz> 
^TO&WUT K I/X^M»flt 13 7 S4rict5 0 

[0 0 3 9] 018 SWtX#flH RSI^ 
-^*&^ggl 1 2ttSB»W(C=»£tlcSnfc6 4X 6 4H* 

>hx>K»«»i l lJC«koT«riE3n, ss^-* 
»jWS8l 1 2(CS^jA^n, ^x— x->— ^r>-9- 1 1 3 
lC«fcoTtt*tti;*n, 7x-Xl»RAMl 1 4 (cgfr 

W128X12 smmizji^m^-DK o&tfSo 

25 [0 0 4 0] 02 3tCtt, 6 4X6 41$W 

^ 1 2 s x i 2 8mm¥>&&m9k*tz>i&n&7KLT^ 
So ii$n^ i28xi2 8 HUt-t^u^n &s$s 

^<Dii;UCD:7x— Xfeft^bT^So 7i-Xy-ir> 
U"l 1 3 (018) iCckS 1 2 8 X 1 2 8iBiB-fcJH 4 
30 ocommte, 7U> hx> K»«BK1 1 1 tei:S 6 4 x 

6 4i*tw i 4 i (Dmmt&FmizmnTZo * 

566ni) 6 4 X 6 4Hig-feJl' 5 Fi3 1 4 1 <Z>»H. t>^S 

mizmmt-rn^ 1*7 6m<Dmm^^i 4 i# 

35 1 XOfci&tCi^BTftSiilSSSnTl^, 02 4 

fctt. R^-^ttttan 1 2\zfemzftz>T-?mj& 
14 3^tlt^ 0 ^<DW*m5*-#i&mz&m2z-z 

n^§i(t ^-^x> MJSifcO 3fTX 7 6 1 4 

tfyh-caBO, :nn 3 1 9 2 tfy h©^— 

40 So 

[0 0 4 1 ] 02 5 fcH 0 1 8t^L^7x-Xy- 
^r>thl 1 3<Dt¥iffla**3nT^5. 7x-Xy-^> 
itinil ^co3ocD£S^:^x^$^ff"rSo 

1. SW^-^ttMBBl 1 2^<E>. H2 3{c:^fct'5 
45 4^BffitS 6 4X6 4i*yD7?©¥i9S<!: 

S c t fc<fc o T-tr;u^-^ *«flEts z 

2. 7x-XMRAMl 14C^W7Kl/X^M 
<h - ^ <D fe^J £ -T S d i o 

[0 0 4 2] 3. a>/1l/-^-7MJ^Xl 1 5fC9^ 
50 X<DmmRZfiT\ i l'Z>m^<D*kf3L (018) ^rTSCl 
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to 

7x-Xy- ^r>1tl 1 3\ZyjL-Xmm%B$:^%h. ZL 

n*<*ax-^»iW«i i 2a>s4^<&B8rr£ 6 4 x 

6 4¥^ir;Mt&a*&** msSrJnSggi 4 

Lfe^it^o *Pa(7)fi«, ^y^l 4 7 tC*&*fi£tl3 0 
7yf 14 7<0(iJAtt7>f-K/t7f*n, fiDg:ggl4 
6^\C0 1 OCOA^ch^C^o Sfc. JPffS 1 4 6 ^<Z>fft;£ 
©A*f45SX*fnlAX 1 2 3£^LT|g*g^-^teifrt9U 

tflfste't&rczsmiz* %v >9 i 4 8*w >^u^>h 
$n^>o 7x-xaisi4 5©uiAi5on :?x- 

X*«*i 4 5tCck*4O(0B»-fe;KZ)lpJHe*tbT 

Hf-Wi-XRAMIU (018) JCitfrtiitC 
[0 0 4 3] 026 \Z\t. 7I-XRAM 1 14^40 

T, 4 t> htOjSSSrfeOfllJBKii^oT^t), &*<D1z 

[0 0 4 4] ST, 02 5*syj#fla-rs<h. :7x-X 
77fl5 2H WL^-^a^jn— XRfBffil 4 5 

&4t:y h^O*Fffl!l(C->7 hTSCli:(CJ:^T, 

^faAX 1 5 1 ^IT3 6 h^y hO)^— tH 

sn, 7x-xrami i4i:iomsns, y^-x 

RAMI H^bT-^^M^tf, ±fi4b!y 
MiHfflffil 5 5ft<DMWni?y2 1 5 4 CDfrJfPf-J; 
T^y^l 5 2\zmZnZ>£.£\zm%)Ztl. 3 2 1: 7 h 
(Dr-^<^Wffl^en^ 0 M»»15 5HSfc, 02 

3\zmm^nx^^>ijmzw-oxmm^-^^mmi 1 

(ADS) T K UX£J5£§§ 15 6 Sr^/uTV^o $6 
tC, 7x-XftJW (PS) 7HU74«S15 7^7i 
— XR AM 1 1 4©7 Kl^fc^j^-Sfci&tCffcttSft 

[0 0 4 5] &tc, ft^iRr^attTT^Ui^^i-^ 
1 4<Z)^D^^ai^a**«¥«S/X5 i A 1 O^frWft 

T, jS§J&fTOgB2 17 (0 18) tCj;^T<lx.<bn^o 
COSfjg^^jSS^ffiTtt, ^ya-;H4^S<!: 
$n^H*^ay i7«ttfttt, 11*5*— PZs b U— ACQ 

<2^o— A;i^Py ^iUi, Ctitt, gclkl58 



te, ^P"AVl/^7P^^ (gc-lk) tcffi*fWtcfS£L 

ttttntffcsfcir*. dcDctJi, 1 3 8 £§m 

05 l/I*r-^^7x-Xy-y>1t 1 1 3 Klcfc£>S£*i& 

1 1 lj&^CDU^^ffi^tcfeWWL/, $ b^, «fbV^ 
— ^IMfi*»^f S7a>hx>KSR«81 1 l^b 

<Dm$hm^zmm-fz>z/>2ni-^-ifi 5 9^11^ 
10 $n^>o 

[0 0 4 6] 02 7 \Z\Z, 018 fC^ Lfc3 >A ^ 
U-^TMJ^X 115H ^UJ^Ev^jL— ;H 4#*;7x 

T\ tttU^E^zL-JH 4 04 , TttSS?5:«B»T*«>. R 

oM-r >^^x-x 8 3 (csisesnfcROM-r y$ y^ 

— X8R1 6 4^bf>7>- bJ 1 -? 1 6 3£a#.&tr 
dchfCjfjfl^LT* 7x-Xr-^RAM114 (0 18) 
20 ^b^7x-Xr-^ 16 2 £n>A°U— h U 

1 1 5 ttgJ^&tTo fL/t, ^x-X^-^ 162<hf 

>XU-hT f »-^ 16 3 ifcW;£<h*>a>/1U— 

-Y 1 6 5 (02 7) tzm%$ZtlZ> 0 fy^lz-hROM 

25 LT&D, ^co^>Xi^- h^^^iil^tcfin^T^x. 

yi/-H4 5 (08) KlfchSLT^So l^r/yi/ 
-h^oflSi:HLta>;il/-?7K l 6 5T 
^Iff S*lSJt«j»*H, -lOfi-17 K186-18 
30 9 JCiM^n^o ftS7H 1 8 6- 1 8 9 — S 

Srft^-TSo If #7 K 1 8 6-1 8 9I1 f>^l/- 

h<o-iS[*<ttaianfct*, f>xu- nfttmt^i 9 

2^ffiy7"T^ 0 

35 [0 0 4 7] 2 8 6#lbT3 >/1 7 K 

i 6 5<Dmfe<D&*tofcmm\z^\,*Tmm\zmm'rz>o 

1 A> H^cD-tr^^^-^^l^iJStC^x— XRAM 1 
14^^«$tl§o lA>K^tJI/f-^©tH* 
7A 2 2 8 3&^6SlJ5!c3nT43 0, *7A2 2 8&4?tt4 
40 tf7htl^$ISnS9lOt;i/2 2 9£^A,T(^ 
£ G :Of- ^tt, 7X-XRAM1 14^^ttl^$ 

fu d >/iu-^7 K i 6 5 ©;ui:A*sns. m 
til/2 2 9 0T-?fiB, n>A°u— ^-tr;u<£>— 
£"J2 3 2{dB8"rS3>/1U— ^ir;U2 3 lfi-^fCT^T 
45 ^§1^12 3 o ttkR^&sns. RAil;:, -fe:;U2 
3 4<o«[*^j2 3 5 i/-^t;n:»itt3nfci 

<tJt»<*n*. H«(Oli*«*7A 2 2 80iOtT© 
X> h U tell LTHfT^n^o 
[0 0 4 8] 02 9 iCte, A*7X> MJ 2 2 8 C0*fJ&# 
50 7 AtCjD^Tn >A U— ^ii;i/X> MJ2 3 1W1 ?U5> 
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2 3 6 ^$ntt^o X> h "J 2 2 9 tC2«rf &A?3 

/U(Df-^i^i©ii2 3 o (tJt^ru ^cox- 

^fiS^=3>/^U-^ir;i/2 3 1 EC*&tt£n3M£>iSHF*I 
^— ^x> h u 2 2 9*3>a°u— ^ir;!/2 3 l fctelrt 
tC, S2(?)t-^X> h U 2 3 4ifizx>rt\s—2±)V2 

4 ofttc*iwanfc«a)«H2 4 i tjt»an, «ta>tH 

^2 4 2 AtANDy- h 2 4 3TiWM ^tl^o 
ANDy- h2 4 3 CDffl<D A^teii;!/ 2 3 1 *^Offi* 
2 3 9T*£. |n|1IS<©iflH*, 1 0<£>;£^Al*I<2ffi(£>^: 

%<btlZ>\tit}2 3 8tt, ^J7A2 3 6(£>^:TCDir^X> 

[0 0 4 9] ST, 0 2 8fc:j;ntf* *^AJt«E<Z)Jie* 
2 3 8te, Sf77f*n (^^-^£2 4 5(ht 
5) , ^(^^3 7 A 2 4 6 >A° l/-^ 71/^16 

fglCDfUTTU^ 1 8 6 (H2 7) IzmZtl&o ST, 
H3 0(CctnH, JH7W186 (02 7) te, 9X 
9©7K«ItftoT^Sy7 M/y7?2 5 1 T« 
^n^y7M/yX^VhU^7X 2 5 0 £r&A>T^ 

A°U—^m^2 3 8 (H2 8) <Z)«[3Wg**«i#'r-5o 
fcL m*2 5 2<!: 2 5 3 (0 2 8) *\ SJJKA^A 
2 2 83&i3>/^-?7K 16 5 fC^I&Snfct^tc: 

>h'J 2 5 5, 2 5 6H ^(DmMlfim±LfzZ.t$:^ 
i"high" <Dm&fe$l~fZ>o 

[0 0 5 0] Sfc, gI31<h028 tflctntJ, &<D2? 
Uy&'&'f 9)V\Z#>^T, ^7A2 4 6^>A1/-^ 
7K16 5l:lbn^) 0 fit, tH^j 2 5 8, 2 5 9 
^79"r^^\zt^L^t^ti, WrWTl"(<D^>bV 
2 6 1, 2 6 2 tCck^T^y^ns. CcOi^, mrco 
X>hU«5iJ2 6 3l;y7h3ns. ^tc, 03 2 £0 
2 8 <fc{£J:ftfcf, toJDyW ^HCSS^T, 
^^J7A2 6 5*t3>Al/-^7K 1 6 5iCi£<E>n 
S„ fLT tH^2 6 6Hfcfc'1^^7^f^ 
(HA^^^WftShl). ^C07^f-r^-y3 
>^77f$tl^) (H3 2Ttt*(D7yfSnfclS2 
6 8^-r^) o ZLCDizg* M7^f^-y3 >5^- 
^te^J2 6 9\Zl&lzs7 MTT5$tl§o 

[0 0 5 1 ] 0 3 3fCtt, ^>^U-httUi*«»*-rs 
fca&tCi^K^HfiiA^SnT^^o" ^>7 P 

IP*», t^r-^2 2 8 (0 2 8) JC«<*7A*^ 3 



i:-S:-rS<t#tC, u©*fra«t3tl5, 13 3^ 

[0 0 5 2 ] 03 4 tctt, It#T K 1 8 6-1 8 9<?) 
U-TT^ hCDPM^^nTt^o f«)fHE7Kl:a 
->!7 hl/yX^7 h'J9X2 5 0 Sr^A/T^S. ^fflff 
10 ^27 l^a>/1l/-^ThUi7X 16 5*5 

-7 h Vi/79 2 5 1 tCfit^^n^o AND y — h 2 7 2 

^S^tfttS, «ffi«*»2 7 3 ^ffiMl)o 
15 [0 0 5 3 ] Sfc, 02 7 l:±nH lt^7 K186 

-97 b U— AfC*5liTleHE^9 0 ° , 18 0°, 27 

20 Ks-stiT^So 03 5tCcfcn«, 9 0° [Eite^^aB-r 

-fe;^— 3^ 2 2 8<73&*7Att, ±J*6 3 
>/\°U-^TU-f 1 6 5 tC«$&$nSo ir;i/^-^2 2 
8tt, #^A2 8 O<D£T<0i:;U2 3 ltC^Sn£ffi<Z> 
fgH^it^Sns,, |W|titc^-^x> hU 2 3 4H * 
25 7A2 8 l^T©X>hU ttt&Ztl&o 

ttLT^ft^**, #12 2 8 fC:fett£ffi<7)X> h U^Tte 
Z2>/^U-$TU^ 1 6 5<0#lS*7AlC*£ffi<tJfc« 

[0054] 2 8 4 \Z&\rf&& J k)\s<D±.)\stiiJ]&K\t* 
30 SCHS*S*ch<btl (0 3 5 (Ct£0;^$nT^&^) , S 
mttit)2 8 3 Sr»fiE"TS<Z)T, 2 8 4 <^tB* 2 8 3 
tt, H2 8®tB*2 3 8 t«fflLft*ffiTS6n-5. 3 
>/tl/-^7h'J 9716 5<DffiC0^lJt)^fe[WIUcfc^fC 

35 It#TU< 1 8 8 (0 2 7) <B—«*»j£-r* > 

7 hl/yX^ 2 8 6fC^^£tlSo WcW-7 U-f 1 8 8 

\i. W7K i 8 6 <hra«fc#ftT»fFr*a*. 9 0 

40 [0 0 5 5] □ I/-* 7 h U ^ ^ 1 6 5 tfraNfWl: 

1 8 o° ni<e<OT->yu— hs&ttj-rsfca&i;:, tfu 

7A2 3 6 S:^On>/1lx-^vhUi7XO-BS*^$ 
tlTl^So 7Z-XRAM1 14i^3>/tl/-^7h 
45 U^X©A#tt, 4e7hf^«9o©^-^l:»9] 
Sft&3 6 t'y b^—9$:^$S7 3L — X^—9n7 1 6 

2*£j»fiEanT^£>. rnb9i^4t'7hr"^^ 

II47I-XRAM 1 14*6(0 1 OOD* 5 ACDt^f 
— ^CD9fi<7)4 h*^ h^— ^ffitC^iSLT^So ElGft 
50 0 ° <Dm^\Zttfc^Z>\tif}m j % 2 3 8tt»l <D\m?f-(:n 
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3 8 tl^Dck^^ffiT^tS*^ ^CD^-^fglcD 
ie*iittiS$<©ieffT7x— X^— ^AT, 1 6 2^SffiO 

"^2 8 9\$mWTU-1 18 8 (S3 9) {Cftt^flSo 

[0 0 5 6] 037 IZ cttlfi, EHEft 2 7 0° CD«^tt 
06^18 0° (Z5«-&tlHiHbfc*ftTfft)n*o 0 3 
7tt, n>/\°U— ^ir;U2 3 1 <£>^J2 8 4^LT^ 

lsHEft9 0 ° tcB8-rs«-&©tbl*^2 8 fg 
1 WBf^^iiTf^j:— X^-^AX 16 2 Sr^^^T 

^:^6ti:§o HHEfl2 7 o° <Dm^umnA9 0 
° co«^<hHi;j:-5tcLTllff$n^*^ fgl^jiiff^: 
te^yjftTAX 1 6 2^6^— ^*«ffi0ttl*n^i:li 

[0 0 5 7] 03 8fCte, l^3>/1l/-^tM7 

$ \Z m "T Z> 4 o <B pJ fgtt OD 5 HUE ft B? tC J#JiE L T 4 O 
O/UAAtfSSo ^n50AAH [nlteftO 0 , 9 0 
° , 18 0°, 2 7 0° XDATAK XD 

ATA2, XDATA3, XDATA4£;fa£nSo zi >A ^ T K 
1 7 O^ffitB*^ ^J£#\ *tt, *^A^f*:©n> 
AIx— ^ir;H 7 0^&S^(7)©fsftScPUT:£:T, 

^ T^^fC&So tfcoT. «*tf, A^OXC 
OMPJNltaHUlHlteftSrfco^— ^{COV^TSJr<Oir;i/^ 
ScoWtBft^Sra.to'To Z.(Dmmt, ANDy— h2 9 
2tC«fcoT«^2 9 3 £<Bifc3*a*3ft#Sft*o fl^t 2 
9 3^^^^f^m-^tCOV^T^^Pai-r^o AND 
y— h 2 9 2^&<Z)tH* 1 8 2T»5XC0MP_0UTltt, J E" 

[0 0 5 8] fi-^XDATA2, XCOMP_IN2 4:XCOMP_OUT2ttlHl 

eft i8o° <&«^K:2*tf5u mefto 0 (o»^ia(H 

Lfc^ffiT»f£-T3o W«tc, fa^YDATAK YC0MP.IN1 
iYC0MP_0UTll4®teft 9 0° (B«£fc:*HSU ff-^YDAT 
A2, YC0MPJN2tYC0MP_0UT2«E»Eft2 7 0° <£>i§£iC. 

**?S^ttH 1*1 ^>7 P U- h-tr;U^-^^ 

S2"Q<^-t:;KOfii!&^#|j5E$n-5o -fe;K7)fi*tc<0 2o 
AU— ^-fe;H 7 O^A^ir^-^ii-'^-r^^iifc 

as. set?T, pTtgi4^)^siHi$Hftg-^tco^T, mm 

ftJESl 7 3-17 6^tt^n^o ^-^^ 1 7 



2 tca^^>yu- Hr;i/tcot^T<Z)±[Bfi<!:TISfi 

bfc«H»5£»l 7 3-1 7 6£*tCtt*&Sn<S. S 
05 fc, IBHftffiSSl 7 3^1 7 6tC«jf&Sn^fcCT)iiL 
T> ^SC0ir;l/^-^ (M : XDATA1) f5H&£ 
§81 7 3—1 7 6&*tt, XDATAsgttYDATAOffi**^— ^ 

U *<0«^trafc*t#«Ctt5fe/r*««^l 7 8. 2 9 
10 3, 2 9 1, 2 9 0 ^tH^-fS2O0Dlt^gg-r1#^$n 
T^So 2^00®HOD<icDir^ hSrtt5r>^l/- b 
7"—$?tf—&(Dz/y bUiSX? 171 (CctoT^>7 P L/ 
-HROM15 (02) i^^-^yy^l 7 2tCi£b 
n^ 0 ^te, fflffl^-O (cntl) 2 8 8 tcJz^Tffi 
15 ^x-X^P^^PJ^S^ffl^T. a> 

au— b V 2 xft-v l -oe>-\i)l><Dz/7 KU^x^ i 
\ZzyyV^ti^> (rom_data_inchrom_data_out) „ — 

20 tt^fjE-rs-fe;^— ^^y^i 7 2 tciten^o 
[0059] mxH2 7 &&misTmim'rz>t.* 
v— bmm~rz>AtJT-?x h u-a£— isrrs^ 

T^lz-hROMl 5^^1^)111 6 3SSfD-Ff 
y^—X^—^^—A 1 6 2±T7x-XRAM 114 

i^^ynv—^y u< 1 6 5 izmzti. ^z.x\ ^<d 
-\Di\-i^z^wtm^nx^^^^o\z^y~yu~- h^-^ 

£^y^>?T&tz®\zm&ftf)\ZTXb£nz>o 0°, 
30 90°, 180°, 270° (BHteEU Inll^WtCn >A 
^7h'J^X 16 5 <hlH7K 186-1894: 
tCctoT^X hStl, ^0)^, «ffi«-^l 9 2*ffi* 
--T\ ^[Hi^l9 2ttr>yi/-h^AAf 

1 6 2 a-rst, t?t4 ytzteZo 

35 [0 0 6 0] ftficDpJfigtt^S,S^>^U~ h^r^X h"T 
Z>fz£>\Z, 3>A'l/-^7K 1 6 5t:tJr>yi/-h 
ROM1 5^6co*f^-rsfrb^^>7 p U'— hi7x- 

xrami i 4^e>wit&$nsrai;-fe;uT ? — ^a^hsd 

-H^nSo ST, Hl8tdctntf, n>/N°l/-^vh 
40 U^7X 1 1 5*>e><D4O<0«ltHHi* 1 9 2tt«tH->— ir 
>+M 9 3 tCtt^StlSo fctiUs— $->•*)• 1 9 3 tt. Si 
i^3>^l/-^7h'J^X 1 1 5 ^b(?)f>yi/- h 
Jt«»*S*WUTttlilSn*:if5^**«r-5. 01 
OlC^-r^tC, 2 OCO^ffiStlfc^>yU- h 5 5 4: 
45 5 4 t©HI(0«»fit^?5 8^«B«rSnfc*t^rflI 

T**t€r*c iHfls*««iai*nfct!pj3esn-5. 

[0 0 6 1 ] 03 9 tea, ^aV>- y>it 1 9 3C0I¥3ffl 
M^^LTt^o «ltiJ'>— y>1J-l 9 3-\CDA^C 
tt, 3>^l/-*7MJi7 7 1 1 5*^0«tWi^l 9 
50 2 , xffigtyfieM^l 9 4, 71-Xy-^yltl 
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13 (02 5) ^^tL-^t^y^V- h(D{iH^7K 
ROMf-^19 8^*0, Z.XWZ^y^V- YWM 

mn. =r)v$ (a) fit, -<^>a> ( £ ) ms^a/t^ 

^^-^gtf 1 9 7^Uf>^l/-hROMl 5*> 
^Sc^ffi^n, ^LT, /U19 5^LTf>yi/" 

h-a*a-RAMi 9 6i:tt»isns. r>y^- h 

-g+j-RAM 1 9 6©X> HU#^tt3 2t:7hC!) 
SSfc%,-ft*l 2 8<£>X> hOtf^y^u- h—^t* 
a-RAM19 6t:M$tl5o 04OH f>yU- 
h-g+a-RAMl 9 6<D2OC0X> HJ 1 9 5 (D"f 

19 5<£**H ^<^©7>f-;i/H^fe^T^^ 

*ajcD7>r— i 9 9H im<DTy7u—h<D£tL 

tfittfo-rZOMZ&ftLT "0" j^tte "1" » 

>7 p Ix- hOffiB^WJE-rs^-f — 2 0 1 KfiE^T 
2 0 2 © 1 o©fc«?)l:<i:^T*^nSo ffiiif^lO 



tt*i-x>MJ&*<fc<hfcK<fcoT***n, EI 1 0 0) 
[0 0 6 2] 04 1 2^(73^>-^V— hAchBch 

M42<D (a) - (d) (Ctt, 0° CDEIfE 
2 9 5, 9 0° <Z>EHE2 9 6, 1 8 0 ° COEUlH 2 9 7 , 
2 7 0° CD[Hlte2 9 8JC*4r>t*l/fcx>^U'-h<Z)ffl 

[0 0 6 3] ST. T->7 p l/— httttKOIRtc, ftUiv— 
^>U" 1 9 3 (7)T-^fM 19 7 teTlC^TSl 3 

20 bp -5, *©Jt#jn<offl^$ns*¥*rRicofi:«*t 

[0 0 6 4] 
C*3] 



A— 7 


IsHg 


7 7-Xh 


Ep i 


x#B 


Y&fg 


A 


0 


1 


£ X 


XA 


YA+Ay 


B 


0 


0 


£ y 


XB - Ax 


YB 


A 


9 0 


0 


e y 


XA - Ay 


YA 


B 


9 0 


1 


£ X 


XB 


YB+Ax 


A 


18 0 


0 


e y 


XA - Ax 


YA 


B 


18 0 


1 


£ X 


XB 


YB + Ay 


A 


2 7 0 


1 


£ X 


XA 


YA+Ax 


B 


2 7 0 


0 


£ y 


XB - Ay 


YB 



>MJtt, &(HllEftfCllLT-e<7)^--^coflkT«BST , <73 
7->7 r u— hcoSieirrRXOfiHSrftiWUT^iScit^as 

iTt^o SEoT, a >A°U-^V h U ?X 1 1 5 fCJ; 
> h U 1 9 5 rttCt&JWSnT^SffiHSiSa 



45 1 9 5^S®0l»^n«), 

[0 0 6 5] mL^-iS<D7v y hMf&miz, 7-yzf 

l/-hT-yf*a-RAMl 9 6B'Jt7 d 
50 "C" a- KttKT©<t3tCfe^o 
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if (f irst==l| |reset==l) { 

for (read.addr =0;read_addr<MAXADDR+l;read_addr++) 
delete (read_addr) ; 



mttimn 1 9 2^3>Al/-^Vh'J^X 1 1 5*^S 
mztl&t. ti jiJD^>7 p U— N (add template) " ^ 
— KKA*. ^-^Slffil 9 7 tt, ^(DXti 19 4, 
19 8 £0 4 0 (CS-Tct^tCiEU^^tC^T^Sg 
**fcLT^§, 19 5H &tC*iJfflpJffiJk 10 

*0fT, 7>yi/- h77^+a-RAM 1 9 6 Ktejft 

h 1 9 8 (Btfy h 0 — N 7 S'JX HC*3tj-£> 

[0 0 6 6] *»C0IB«Ttt, ^<c^>7V- h^Jl, 
tHSftSCtttSnTftSo U^UA^e. 1 2 8fi£ 

h7 7 Wa-l 9 6te"7;UC&3 0 ^tC&^fc^zL 

nt^5„ ^-nT\ £&SLifc (prn) fg£g§2 o mm 

S£ri£*^-x> h U *7 >^A»cft3£r*fc«)^« 25 

1 9 6 ^»€ratr&»©5*:o^3.-teits*5ef 

"iIJ&n^>:7V— H (add template) " ^E- K<0« 
"C" J^Tc£>jIDT££o 30 

[0 0 6 7] 



19 6 \zm L^X> h U SiifinLfc^*^, 
352 0 9tttttBv—^r>1j' 1 9 3^f>^I/- h7«yf 
1 9 6 SlttWCHaUTEfiL, HfcaUifcbS 

n& Z £ Sr^-TSteBfc-H* (^*BB8<D $> Z> f > ~f 

[0 0 6 8] fflSI§g2 1 4tt2ir*y h^^-^A, B 

[0 0 6 9] 
[«4] 



while(l){ 

wait on (detect 1=0); 
if(lfall){ 

next_addr = TMQ(wrlte_addr)&Oxf f ; 
TUQ(write.addr) = Xf rom(inpats) ; 
if (write.addr == end_addr){ 

full = true; 
} else { 

write.addr = Dext_addr; 
} else { 

TMQ(prn_addr) = Xf rom( Input s) ; 

} 

} 



ST, BtfB3 9S#iLTRWt5t, f>7 p U-h 45 
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f T"\ *— » > - ll L* 

I l) Z? < — )V r 


fc_y h 


fWA t. B Co liXcOffiUMSc 




1 


A=£B 


^7 31 — X 


8 


A=B 


i— Ida-" 




A. — D 




2 


A = B 




6 


1 A-B I^ex 


yffcfB 


7 


1 A-B l^ey 



fcU 4TOftHBft*«-atftH IHflMftHifi#2 l 
5I4SBS2 1 4^6fflA$n, 0 1 8 

n." ^ h 2 1 7 (mi 8) tt, rffilE^L- ^ h86 izm 

-^r>-itn>hD-7i2 (02) (c®fi?^tt£nfc 



\Z "Find Base" ^E— #Ctc "Find Mate" ^E— 
fflMf>yi/- hVs/^«5Riflg£3lfT'r*- "Find 
Base" ^-KH IW=c^-Xf>y^ Hcot^T 

20 CCD^E-KSrSi^-rsa "C" 3-H^(DlDt* 

[0 0 7 1 ] 



load_base = 0; 

for (read_addr = 0;read_addr < MAXADDR+ 1 &&! load_base ; 

read_addr ++) 1 
if(Q. first —0 && (y_loc > Q. y_pos + Q. ep i I lend) && 
valid(Q. t_id)) I 

load_base = 1; 

) 

if (Q. first ==1 && y_loc > Q. y_pos + 3&&val id (Q. Lid)) 
delete (read_addr) ; 



if (load.base == 1) I 

base = (Q. Lid. Q. y_pos, 
load_base =0; 
do If indjnate ( ) ;l 



Q. epi, Q. x __pos, Q. rot) 



I do always; 

Jtffifl)3- KfCtt2^<01ty;U---5 1 >l*lXtBb^ftO. 
«»J(0i¥tfHiW4 "H'j» (delete) " T^D, 2#gco 
PptftHUi "findjnate" "C&^o mmmf&&#i<D£v 
"C" KJct^TBlWSnSo -twn-KJctt 

*U >^$tlfc'JX HcBnA5«fc5 C&oT^5o 
[0 0 7 2] 



TMQ(read.addr). t_id = Qxfff; 
IfOfullM 

45 TMQ(end.addr). next = read.addr; 

} else { 

write.addr = read.addr; 
fall = false; 

} 

end.addr - read_addr; 

50 "find.mate" Hfttt. Ktti:Itll*nfc^-7T>y 
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*^*i-s«*-r*cttc«toTaij«*ns. zcdm [0073] 

forgery = 0 

for (read_addr = 0; read_addr < MAXADDR+1; read_addr H) | 
if (first == l&&abs(y_pos - base. y_pos) <= base, epi 

&&abs (Q. x_pos - base. x_pos) <= Q. epi&&Q. rot == base, ro 
Q. t_id == base. t_id) I 
forgery = 1; 



"C" n— ^coilDT^ 



if (Q. first) == 0&&Q. y_pos == base. y_pos&& 

Q. x_pos == base. x_pos&&Q. Md == base. t_id) ( 
delete (read_addr) ; 



I 

«$tTO^o B»«2 1 7 < haibbTffiH§§2 1 4 
ti. Find Base^E— h\ Find Mate^E- h\ V 
-|(^-RAM19 6 (03 9) ^5VOX>h'JS 20 

1 g^a-RAM19 6 S3 9) ^6X>hU^ffl 

[oo7 4] mKDmMtuz-mzMT&Tyyu- 25 

h^-^X> h U ^ f>yi/- I g+a-RAM 1 

9 6 (0 3 9) *e,yU2 12SflT7yf 3 0 01: 

>yu-| Ma-RAM19 6 (039) 

2 1 2£^bTfflM^2 1 2fCftt|&^n^ 0 30 
3>Al/-^3 0 1H 2o©x>hiJ^67i-X, 

ne2o<Dx>hun s^fe^a*^^ o o tcte 

|WJ^tt^>/N°U-^ 3 0 lOtB^tt, ANDf 35 
-h 3 0 6(h3 0 9fC^ibn^>o 

[0 0 7 5] 77f 3 0 0 iZfemZtlfcm ± (D^^-X. 
>HJttA<tP?tf* *a-T-*/U2 12^LTM 

3^;kx-X^ 3 0 3tt | A-B | ^ £ xt^^^i^^ 40 

U U— y3ti^>Al/-^3 0 4te | A-B 
I ^ e y coBBfiUco^TW'**. H«M4i3 >/1 U— ^ 3 
0 1 <t, U y3tm^ 3 0 3 'Jlz-yat 
JUn>A°U-^ 3 0 4**S(Z>fcB;*jtt, f-^7-f>2 1 
2±(£>^>7 P U— h^««fSn§^7a) 1 Olfetefc? 1 45 
^CD^^Xfo&frZofr&^T^T^?^ >3 0 5 tc 
JPAT, *(CANDy-h 3 0 6fC«*&Stl, *<7)y- 

#2 1 s^m^f^o 

[0 0 7 6] 7 = '>^U-H-®:^^»^II^m^3 0 8te 50 



deleteO<h»¥tfft*a*, ^ommtm Ux> h Drt*2a 
«H33nfc£*(c7^x>f deleteOff-^3 0 

8tt, ANDy»h 3 0 9^LTti;S, ^(Dtf—h 
(DKiiU, Find Mate^E- KO»f^*ffiaiUfc±i2<0« 
"C" zi—b\z&rt%W,2(D§km^WXW^tc.1b(Dt.W\ 
cne^A^tC^ (i) 2^(7)7 = ->yu— 
h A £ B <D y <D{£M<£i £ BJ-x £ [WI^ttT" X 

^3 10^5©ffiAt, (ii) x*fcfrfa<DffiH<0|p|# 

tt^p^^>^2<^iwi#tt^>/^u-^ 3 1 ua^oajA 

(i i i) »l*«S2(D^7^>A**^-r^3 
T, AND^- N 3 0 9^<D9Z4<DmmL 2~D<D\*l 

x(Dm^mz^^xm^^>mm^oi>/^u-^ 3 0 i#> 
[0077] *2®f>^-i — m*^-wmmn3 

1 5ttdeleteltB*«ns^, ^coff-Sfte, fi-^-3 1 6 
£^5«TA*Sft£Siffi<Z>y 7 Kl/7*^2C-af 
>^U- h^SnSy7KI/7i: £ y HT^CQftiJ; 

— >3^AO>/1U— ^ 3 1 7 tt;i<0*fMcB8UAND 
y-H3 1 9^A*W l^S««t5*Olll*ttt) 
tCW**. Ge-3T, ANDy-h3 l 9teFind Basest 
-KO±»©« "C" 3-H©C5fi©*2Wftfl=»cJ:o 

[0 0 7 8] 04 4tCte, gE»^— 9 7<0i¥J|fflJtj: 

Wssnti^. Snffgg3 3 6tcjtjnATa^cD^;u 

^l^+r (MUX) 3 3 1-3 3 5 £3f«T£*:#) fC 
ffl^6n§»Ir3-KS3 3 0 CO^Jp^cfcoT^^^ 

1 9 7^AA(1 Ax, Ay. ex, £y, t^:/!/ 
- bWBcr—9 1 9 8 a- 1 9 8 e 
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v— ^r>+M 1 3^e>COSfi0xM'y7Kl/X 19 4 
a, 194b^0 0 ^ttl^x— ^tt, ^3 ic 

aoTSH3n5xfilO)119 5a, yf4B<£>ffil9 
5 b. £ <b{Z^fl\ZlJU7LT. £ll95c, f>^l/- 
hilx-^ 1 9 5 d , ^T-f >zstr—? 195e^ 
fr* #SnW^A*i:LxTtt, ^T-f >^-^ 1 9 5 f 

tmwyu-i i86~i8 9fr*><Dtiithmm 

[0 0 7 9] «AH ^3CDxteBC0fitl 9 5 ate, x 
7KI/X194atAxl98a ^SU^gi 3 3 6 \ZXti 
T5/ift<Z>v;U^:7Vi7-tJ*3 3 1 ch 3 3 2 

3 3 3i:ft^n5, v;l/^U^7^3 3 3tC#t 

»&Snst>CDtLTtt, x7Fl/X194aW5 0 V 
i^L/^1f3 3 3tt, xMl 9 5 a&ttit}~tZ>rz$> 
JClfta^n-FSa 3 0 0)iWWtC<fcoT, 2o<£>nJfi£tt 
0»57 KUXOPpKOttSrS^-r &<> K&3 
3 0H 7;i/f^ij-3 3 1, 3 3 2, 3 3 3 tJnff 

S3 3 etciH-rsa-aiittftiiisiffi^saR-r^sasfeo 

Tl>*. ffl AOT 1 9 5 b Bfl# 1 9 5 a t a«l Lfc* 
v;i^;?V£7-S-3 3 SttifeS^n-K 
S3 3 0<7)iWWCj;^TJ8l>5n, £ x*te£ y<Z>tr^ 

n^fi^m* i95c {ctu*ans^€rT*-5^S:fts 

T£o tUA 1 9 5 d li*a-BfJiOT 3 0 8 t 3 1 5 S 
f>^-MDi«19 8el:M, ®fL(^>:7V 

[0080] ^z.n\ m3 9{zm-DTmw&-r&£., m 

yi/- h-^a-RAM 1 9 6 'MOT F UXSr^JEKT 

sftftirffl^ens, «a»»t»2 0 7n 

^ 1 HZIZ, &&\ZW)1t-r& 1 5 tfy 

(C. ^0T^~KA^^ftii{i2 If-/ h<h2 fc[7 HJ 
-77>f-K;ty?l/s;x*<!:0»ttWil»(!:a:5± 

[0 0 8 1 ] 039 (OSiA^T H U^^jSS 2 0 8H 
fy^L/- hftffifi^**3>/1U— ^"7 b U ^ X 1 15 

X£/£g§2 0 8tefrjffl)g&2 0 9 tlftl/t±a©<k5fi: 

C f — 8 7C T f 
2. ROM 1 5<0T^-feXP5B3tt, £n&<t:*<a>ili« 



add template^- KtHI-r§±»©fl "C" =r — Kctd 

[0 0 8 2] H4 5Cli, KlxX£j£g2 0 8 

<Z)J¥ffl&«j££^LT^£. S&<^T Kl/X£/£gg2 0 

2O(077f 3 4 0, 3 4 1S^W-5. »10)7y 
f 3 4 0a,©AAH, ^>7 P l/- I t^a-RAMl 

X h(C43ttl)fi»C0X>hU<7>TKUXtt9^5 L 3 4 2 
10 T7yf3W, HSffi3Wtl/-^3 4 5li775 1 3 
4 lTH»lSnfcaao7 Fl/X;-R77f342 

Jc*&tt$iafcS^<z)T Huxy- K<fc*Jt«u 2^0 

15 ;MI^3 4 9 Hf>yi/- I Ma-RAMCti]^^ 

n, f >y I/- N-S+i-R AM 1 9 6MZ)7 K 1/^ 

^•^^tfo 9&fr-f*—7)um^3 4 9t5©jaa$2 0 

9*>6<Z)ffi!lfflW»3 5 0<7)©JWcJ;oT^^3 4 8^ 
7^f3 4 8H U>£ UX HCfcttSSfc© 
20 U>^*^6P— K<Ofc*co^<7)M-^3 5 l*7 7?t 
£ 0 ^C0ft#3 5 1 «Wffllffi2 0 9^64i;Tl^o 

[0 0 8 3] Btfl3 3 9£#flaLTK9§^££:, Kffi L 
T KUX*J5KS2 1 0H — &t* ^7">7 P U- h<Dffl£ 
^ac'f. +i-SrSc*tHi"TKUXSr^ 
25 fie-f^o 04 6t£tt, iffiL7 KUX£fiE&2 1 0 £>f¥ 

tc. Find Base^E- Find Mate^- KttcHUTK 
fCHS^bfcfi "C" 33— Kfc*3l^TSE^fc<t-5ft:2o<7D 
"for loops" *Sfl*&tr£t*TS>5. «£t>T* fgftU 

30 7KI/XtfitB2 10IJ*[C, ^ffiOK^tbLT KUX 
£*-;i/KT£^aJl^^3 5 3 t^t(DT h>7* 
<>9 , J^>htS^>i7 , J^>^3 5 4tANDy- 
M55 t^SifiESntl^. SrtBbT 
2 10(1 SJffll8B2 0 9A*S<0clear_read<hload_read 

35 m^©fWffltcJ:oTl(iff-rSo 

[0 0 8 4] ftUJ^E^iHH 4 (^I^^-iC^^T, ^< 

1. tttH^j.— ;n 4<oii!ifPi7P^^HJft» 1 

45 3B&*lfi»»'ett. *»6ns^n^^ffl«ft <c r ) 

[0 0 8 5] 
m 3 /p (p-m) n (1) 

50 <B#ig&^i6«ffiTtt* ROMx-^A>KiH (R f ) 
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Rf 



[0 0 8 6] 

= 7tTfm 4 W/2s (p-m)w 



(2) 



p-n>/1l/-^vHU^7,(^H^lt-rX=l 1 5 2 

s =^^-r >fi= 5ioo 

w=ROM-f >^7x"X©t'7 h#S= 1 6 



C f =13. 76X1 0- 3 T f /n 
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